Renewable and Sustainable Energy Reviews 38 (2014) 700-705 


Contents lists available at ScienceDirect 


Renewable and Sustainable Energy Reviews 


journal homepage: www.elsevier.com/locate/rser 


A comparative study on energy income estimation: A case study (ee 
in Turkey 


M. Ak, A.M. Yanmaz *, E. Kentel 


Civil Engineering Department, Middle East Technical University, 06800 Ankara, Turkey 


ARTICLE INFO 


Article history: 
Received 24 August 2012 


ABSTRACT 


Hydropower is the main domestic energy resource of Turkey. The total gross and the economically feasible 
hydropower potentials of Turkey are estimated as 433 TWh/yr and 127 TWh/yr, respectively, by the General 
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Directorate of State Hydraulic Works (DSI) of the Ministry of Forestry and Water Affairs.! Approximately 35% of 
the economically feasible hydropower potential is currently being utilized. The government accelerated the 
development of the unused potential by enabling the private sector to build and operate hydroelectric power 
plants. The primary goal of a feasibility study is the determination of the best installed capacity through 


Keywords: economic analysis, which is based on evaluation of energy incomes and investment costs associated with 
Hydropower a alternative installed capacities. Generally, it is relatively easy to realistically estimate the investment costs. On 
Baa income estimation the other hand, energy income estimation is not a straight forward process; a number of different methods 
which result in different income estimates are being used in Turkey. The General Directorate of Renewable 
Energy (YEGM) of the Ministry and Natural Resources and DSI recommend similar methods for energy income 
estimation based on firm and secondary energy generations. However, suggested unit prices for firm and 
secondary energy generations by DSI and YEGM are quite different, which results in different energy income 
estimations. Apart from these two methods, consultancy firms, unlike DSI and YEGM, use a single unit price 
for energy without making any distinction between firm and secondary energies. In all three methods fixed 
energy prices are used. Nevertheless these approaches do not represent the current situation in Turkey, since 
the electricity market allows development of hourly electricity prices. In this study, a new energy income 
estimation method which utilizes hourly electricity prices, called the Variable Price Method is developed. 
Results of these four methods are compared for a case study, namely Altiparmak Hydroelectric Power Plant. 
© 2014 Elsevier Ltd. All rights reserved. 
Contents 
Me Inroduchon seiis a AA Die T E E e aa ees ae E ett up Liter a E O NE ENEE 701 
p Altiparmak- dami sge rione er E E sean E E ae de Gece ea abies E o ole ad ON E R uate dob’ ane oe ced 701 
3s Feasibility level economic: analysis} ice: cssiesccscdicse So aaa a 8. hc ete a Wile oils e ao Soe Nh a e a a a a eb le Ha eE dob hand hed 701 
3.1. Determination of annual energy generation and annual energy income............ ccc cece teen erens rrene 702 
3.1.1. TNE: YEGM Methodi sesioen ninian antares n a E den ‘cde a sab nub gee deb foal el eg aed a A a aa ea EA 702 
3.1.2. TMG IST TCE sss eia ny a aie ma E dahon av in ob a 6 tsi nasil SURD EA EE age EE E E a a ia dnd gato eins nasi 703 
3:1,3, Thersingle: price: method (SPM) resan viie o naea soia lon age AE vein aa yarn Ryan ksh te Bede EE by dpiguapas Gaels beta vein labels E 703 
3.1.4. The: Variable: Price Method.. 5 isch ck b,apetceediia aiea eae Syms tig rae se eE dunia saan EEE ESEE ieee ave aula E hn dna dies Subse. yon lE gum en's eller Bee 703 
3.2. Determination of annual investment cost (AIC)... 20... 6.0 eee ence nee ei ia eben nee e teen eens 703 
33. Determination of net bemefit (NB) ceive. acevo .gpiancacer dius nra win erence vgn EA aaa Sage dem E Ea BE E E EASE alka AEE a Eaa e iia 703 
A Results and CISCUSSI ONS 255 6 since ct tssectydeghy e a dodanie E E EOE ap dens SEAE spa eso! died ls EOE R C EE T E Sane ss DE EE ale E 704 
Ss. CONClUS ONS 5.23 ean ce shes cha sca. E E E E EREE E E T hel SA EEE E EE ESEE E EE EE E E ane eas EER 705 
REPEL ENCES s; prrascsicretiini taani Mawel ee Rela Table EERE EEEE EE EEA E A EE EEEE EATE C E E a TE DEE Ee ae Tee 705 


* Corresponding author. Tel.: +90 312 2105444; fax: +90 312 2107956. 
E-mail address: myanz@metu.edu.tr (A.M. Yanmaz). 
1 Ozkaldi, A. General Directorate of State Hydraulic Works, http://www.dsi.gov.tr/docs/sunumlar/enerji-sunumu—27-11-2011.ppt?sfvrsn=2, 27 October 2011 
[accessed 5.05.13]. 


http://dx.doi.org/10.1016/j.rser.2014.07.012 
1364-0321/© 2014 Elsevier Ltd. All rights reserved. 


M. Ak et al. / Renewable and Sustainable Energy Reviews 38 (2014) 700-705 701 


1. Introduction 


Hydropower is Turkey's main domestic energy resource. DSI is 
the primary responsible executive state agency for planning, 
operation and management of water resources in the country. 
According to DSI, approximately 65% of the economically feasible 
hydropower potential of Turkey is undeveloped [1]. This makes 
the funding of hydropower projects by the private sector very 
important in developing countries, such as Turkey [2]. Therefore, 
the government accelerated the development of the unused 
hydropower potential [3] by enacting the Electricity Market Law 
no. 4628 in 2001 [4], which enables the private sector to build and 
operate hydroelectric power plants. Moreover, with the publica- 
tion of the Renewable Energy Law no. 5346 in May 2005 [4], the 
government guarantees the purchase of electricity from produc- 
tion companies at a price of 7.3 US cent/Kwh for 10 years. As a 
result of these laws, investments in hydroelectric power plants 
(HEPPs) increased and the number of HEPP projects under the 
planning and construction stages reached 1084 and 256, respec- 
tively [5]. A summary of HEPP projects in Turkey is shown in 
Table 1. 

Before any HEPP project is constructed, a feasibility study needs 
to be conducted. Such assessment is commonly carried out by a 
private engineering company or a consultancy firm. An economic 
analysis is carried out in the feasibility study to determine the best 
installed capacity for the HEPP. The economic analysis is based on 
the evaluation of energy incomes and investment costs associated 
with alternative installed capacities. Generally, it is relatively easy 
to make realistic estimates of a HEPP's investment cost as this can 
be estimated from construction unit prices determined by DSI or 
by using bids collected from the market. On the other hand, energy 
income estimation is not a straightforward process; a number of 
different methods, which result in different income estimates, are 
being used in Turkey. 

The General Directorate of Renewable Energy (formerly called 
General Directorate of Electrical Power Resources Survey and 
Development Administration, EIEI) and DSI recommend similar 
methods for energy income estimation based on firm and second- 
ary energy generations [6]. However, firm and secondary energy 
generation unit prices suggested by both YEGM and DSI are quite 
different, which results in different energy income estimates. 
Apart from these two methods, private engineering companies 
and consultancy firms, unlike these two government bodies, use a 
single unit price (hereafter referred to as Single Price Method, 
SPM) for energy income estimation without making any distinc- 
tion between firm and secondary energies. For example, both 
Hidromark and Eser Project, prominent Turkish private companies 
in the sector, used single unit price for energy in the feasibility 
studies they carried out for Balkusan and Ekincik HEPPs, respec- 
tively [7,8]. 

Each consulting company is free to conduct HEPP feasibility 
analyses with the fixed price of its choice. Due to free market 
principles, DSI imposes no restrictions on such price. Ideally, 


Table 1 
HEPP projects in Turkey [5]. 


Potential Number Total installed Average annual Percent 

of HEPP capacity (MW) generation (%) 
(GWh/Year) 
In operation 303 17,372 62,000 38 
Under ct 256 10,590 35,000 21 
construction 
Project phase 1084 19,535 67,000 41 
Total 1643 47,497 164,000 100 


consulting companies investigate previous electricity prices and 
choose reasonable price estimates to use in their feasibility studies. 
However, such an arbitrary approach results in the utilization of 
different price estimates by different companies for different 
projects. Moreover, starting in December 2009, the Turkish elec- 
tricity market has undergone a comprehensive structural change 
with the enactment of the Day Ahead Planning and Balancing 
Power sub-markets [9]. Thus, since early 2010, hourly electricity 
prices have been used for electricity trading. Given such reforms, 
we believe the integration of hourly electricity prices into feasibility 
analyses will result in more realistic energy income estimates for 
HEPPs. As such, this study develops a new energy income estima- 
tion method that uses hourly electricity prices, the VPM. As a case 
study, economic analysis for two different formulations of Altipar- 
mak HEPP is carried out using four different energy income 
estimation methods, namely the SPM, the YEGM method, the DSI 
method and the VPM, and the results are compared. 


2. Altiparmak dam 


The potential of renewable energy sources in Turkey is large 
and hydropower represents a great portion of it [10-13]. Currently, 
there are many hydropower projects in the design and construc- 
tion stages in Turkey [14,15] and Altiparmak HEPP is one, currently 
in its design stage. This project aims to develop the hydropower 
potential between the elevations of 1230 m and 840 m of Parhal 
Stream, a branch of Coruh River in Artvin [16]. YEGM and ANC 
Energy, a private company intending to construct this power plant, 
have developed two alternative formulations for the Altiparmak 
HEPP as shown in Fig. 1. Fig. 1 shows how ANC Energy recom- 
mended a relatively different model to that proposed by YEGM, in 
order to shorten the construction time and the costs of dam body 
and expropriation |17]. YEGM formulation is composed of an arch 
dam whose thalweg elevation is 1095 m. The power plant is 
located at Sarıgöl and a 6785 m long energy tunnel connects the 
reservoir to the power plant. The length of the penstock is 467 m. 
On the other hand ANC planned a roller compacted concrete dam 
at a thalweg elevation of 1160 m. The energy tunnel and the 
penstock lengths for ANC formulation are 8635 m and 687 m, 
respectively. Basic characteristics of these formulations are shown 
in Table 2. 

As shown in Table 2, the optimum installed capacities recom- 
mended by YEGM and ANC Energy for the Altiparmak HEPP are 
50 MW and 70 MW, respectively. Although the formulations are 
similar to each other, the estimated optimum installed capacities 
are different. The reservoir storage capacity of the YEGM project is 
bigger than that of the ANC Energy project. Therefore, the inflow 
can be regulated more efficiently with the YEGM formulation; so 
its optimum installed capacity is expected to be higher. However, 
as can be seen from Table 2, ANC Energy recommended a higher 
installed capacity for the project. This discrepancy arises from the 
utilization of two different energy income estimation methods. 
ANC Energy used a fixed price (8.25 US cent/kWh) for estimating 
the energy income. As explained before, YEGM used its own 
method which utilizes lower unit prices for firm and secondary 
energy generations. 


3. Feasibility level economic analysis 


Most efficient utilization of hydropower energy requires identi- 
fication of the best installed capacity of a HEPP through economic 
analysis [18-20]. In the economic analysis, design discharge alter- 
natives are identified first and then the corresponding alternative 
installed capacities are calculated. Different alternative installed 
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Fig. 1. Altiparmak HEPP formulations developed by YEGM and ANC energy (Not to Scale) [17]. 


Table 2 
Characteristics of YEGM and ANC energy formulations for Altiparmak HEPP. 


Physical characteristics YEGM formulation ANC formulation 


Thalweg elevation (m) 1095 1160 
Maximum water elevation (m) 1230 1230 
Tailwater elevation (m) 840 840 
Drainage basin area (km?) 317.84 306.67 
Maximum reservoir area (km?) 1.48 0.37 
Tunnel length (m) 6785 8635 
Active reservoir storage volume (hm*) 13.99 3.43 
Penstock length (m) 467 687 
Installed capacity (MW) 50 70 
Construction duration (years) 6 4 
Firm energy generation (GWh) 122.50 37.04 
Secondary energy generation (GWh) 78.07 161.40 
Total energy generation (GWh) 200.57 198.44 


capacities result in different annual energy generations, conse- 
quently annual energy incomes (AEI) and annual investment costs 
(AIC). The initial investment costs are converted to equivalent AIC 
by using an appropriate capital recovery factor (CRF) so that they 
can be subtracted from the AEI to calculate the net benefit (NB) 
associated with each alternative installed capacity. The relation 
among AEI, AIC and NB is shown in Fig. 2. The NB first increases 
then decreases with installed capacity. The peak of the NB curve 
corresponds to the optimum installed capacity of the HEPP. Thus, to 
select the optimum installed capacity, AEI which is a function of the 
annual energy generation and AIC has to be determined. The AEI 
curve is a parabola and it levels off after the optimum capacity. In 
other words, the annual energy generation and the related annual 
energy income do not change considerably with the increasing 
installed capacity after the optimum capacity. 

In this study, a set of alternative design discharges are selected 
by using flow-duration curves of the alternative formulations and 
for this set of alternative design discharges, the corresponding 
installed capacities are determined. Then for each alternative, AEI 
and AIC are calculated and the resulting NB is estimated. Installed 
capacity corresponding to the highest NB is selected as the 
optimum installed capacity. In this study, the economic life of 
the project, n is taken as 50 years since Turkey's Energy Market 
Board Authority assigns licenses to build and operate HEPPs for 49 
years. The feasibility report of Altiparmak HEPP was prepared by 
Yolsu Engineering in 2009 [22] and an interest rate, i of 9.5% was 
used in that report. To be consistent with the original feasibility 
report the same interest rate is used here. Then CRF is calculated 
as 0.096 using [i(1+i)"]/[(1 +i)" — 1]. 


Annual Energy Income (AEI) 


Annual Investment Cost (AIC) 


Income, Cost and Net Benefit (TL) 


[Net Bena (NB) 


Best Capacity 


Installed Capacity (MW) 


Fig. 2. Relation between cost, income, net benefit and installed capacity for a 
hydroelectric power plant [21]. 


3.1. Determination of annual energy generation and annual energy 
income 


A reservoir operation study (ROS) needs to be conducted to 
determine energy income of a hydropower plant. Three commonly 
used ROS methods are the non-sequential or flow-duration curve 
method, the sequential streamflow routing (SSR) method and the 
hybrid method which is the combination of these two [23]. The 
SSR method is the preferred method for ROS of hydropower 
projects with storages [24]. Since Altıparmak HEPP has a reservoir, 
SSR is used to conduct the ROS for Altiparmak HEPP in this study. 
A spreadsheet is prepared to carry out SSR for monthly time 
intervals to estimate firm, secondary, and annual energy genera- 
tions of the project. Then the energy incomes associated with 
these energy generations corresponding to each alternative 
installed capacity are determined by using the above-mentioned 
energy income estimation methods. Four different energy income 
estimation methods: the YEGM method, the DSI method, the SPM, 
and the VPM are explained in the following sections. 


3.1.1. The YEGM method 

Hydropower plants are designed and operated to maximize 
generation of various forms of energy, such as the firm energy or 
the average annual energy [24]. Firm energy is defined as the 
power that can be delivered by a specific plant during a certain 
period of the day with at least with 95% certainty [25]; while 
secondary energy is defined as the energy generated in excess of 
firm energy [26]. The annual average energy is the average energy 
generated per year. 
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The YEGM method separates the total energy generation into 
two parts: firm and secondary energy generations. Firm energy is 
considered to be more valuable since its generation is guaranteed 
for a certain period of the day. Therefore, in both YEGM and DSI 
methods, firm energy is assumed to be financially more beneficial 
than secondary energy (see Table 3). In addition to firm and 
secondary energy incomes, YEGM evaluates peak power of a HEPP 
in its economic analysis. Peak power is calculated by using the 
following formula [28]: 


AFE 


PP = 93348760 


(1) 
where PP is the peak power (kW) which can usually be generated 
at about one third of a day [29], 0.33 is a coefficient to account for 
this peak power definition, AFE is the annual firm energy (kWh), 
8760 is the number of hours in a year. 

The total annual energy income, AEI is estimated by summing 
up firm, secondary and peak power incomes: 


AEI = E;(pp) + Es(p,) + PP(pp) á 


where Ep is firm energy generation (kWh), E, is secondary energy 
generation (kWh), pp and p, are the unit prices for firm and 
secondary energy generations ($/kWh), respectively, and pp is 
the unit price of energy benefit for peak power ($/kW). 


3.1.2. The DSI method 

Similar to the YEGM, DSI uses firm energy, secondary energy 
and peak power concepts in estimating the AEI as given in Eq. (2). 
However, the energy prices (see Table 3) and the estimation of 
peak power is rather different [28]: 

AFE 

PP = IC- 97548760 B) 
where IC is the installed capacity (kW). According to DSI, peak 
power is accepted as the difference between the installed capacity 
and the power which is 38% in excess of the annual firm power. 


3.1.3. The single price method (SPM) 

Although YEGM and DSI evaluate firm and secondary energies 
differently, from an investor's point of view, maximizing the net 
benefit (i.e. average annual energy income) is always the main 
goal. Thus, the SSR method used in this study is formulated such 
that it allows simultaneous maximization of firm and secondary 
energies. The spreadsheet can be used for maximization of the 
average annual energy generation by assigning zero to firm energy 
requirement. 

SPM is the simplest one among these four methods. A fixed 
price (i.e. 8.25 US cent/kWh) is assumed for all the energy 
generated by the HEPP [17]. Then this unit price is multiplied by 
the annual average energy generated and energy income is 
estimated. This method does not separate energy into firm and 
secondary energies but uses annual energy generation. This is the 
preferred method for the consulting companies that carry out 
feasibility studies due to its ease. 


Table 3 
Energy prices for DSI and YEGM methods [6,27]. 


Type of energy benefit Prices 

YEGM DsI 
Firm energy 4.5 US cent/kWh 6.0 US cent/kWh 
Secondary energy 3.5 US cent/kWh 3.3 US cent/kWh 
Peak power 240.0 US $/kW 85.0 US $/kW 


3.1.4. The Variable Price Method 

A new method, the Variable Price Method which utilizes hourly 
energy prices is developed in this study as an alternative energy 
income estimation method. Electricity prices change within a day 
and from month to month. Variations of hourly electricity prices 
based on electricity prices observed in Turkey between July 2010 
and June 2011 is shown in Fig. 3. These market prices are governed 
by hourly supplies and demands. Details of the electricity market 
and how market prices are set can be found in [17,31,32]. Recent 
developments in the Turkish power market are explained in detail 
in Ref. [33] as well. As can be seen from Fig. 3, the hourly 
electricity prices fluctuate considerably in Turkey. The differences 
between hourly electricity prices may result in increased benefits, 
especially for HEPPs with storages. 

Hours in which the electricity prices are relatively higher are 
called peak hours, while the rest of the hours are called off-peak 
hours. The corresponding prices are called peak prices and off- 
peak prices, respectively [34]. Traditionally, energy income calcu- 
lations are based on average energy prices [35] as in the SPM. 
However, this approximation gives higher or lower than actual 
results due to the fluctuations of the electricity prices within a day. 
To overcome this problem, peak and off-peak prices were used in 
various studies [36,37]. Another suggestion was the utilization of 
varying prices for four six-hour time spans in a day [38]. Since 
hourly electricity prices are available in Turkey, utilization of these 
hourly prices in AEI calculations is the most realistic approach. 
Especially for HEPPs with storages, electricity generation during 
the peak price hours is possible and will result in increased 
benefits. The VPM intends to estimate these additional benefits 
due to selling electricity during hours at which prices reach peak 
values. Thus, in calculating the monthly energy income, the VPM 
assumes that the energy is generated and sold starting from the 
peak price hours. For example, if the HEPP is able to generate 
electricity only three hours within a day during a specific month, 
then the HEPP is assumed to generate these three hours when the 
electricity price per hour is the highest. Using hourly variable 
prices, energy income of each month of the year within the 
analysis period is calculated and summed to find annual energy 
income of that year. 


3.2. Determination of annual investment cost (AIC) 


Investment costs for each alternative installed capacity are also 
required to estimate the net benefits. The energy income for each 
alternative is estimated annually; therefore the initial investment 
costs need to be converted to the equivalent annual costs. The 
investment cost of an HEPP is mainly composed of the costs 
associated with dam body, tunnel, penstock, surge tank, diversion 
tunnel, power house, turbine, transformer, generator, and expro- 
priation costs. The costs of penstock, powerhouse, turbine, trans- 
former, and generator may change considerably with the installed 
capacity and for the sake of simplicity, only these costs are taken 
into consideration in the economic analysis of Altiparmak HEPP. 
Other costs, not significantly affected by the installed capacity, are 
neglected in the economic analysis. 


3.3. Determination of net benefit (NB) 


The net benefits are estimated by subtracting the equivalent 
annual costs from annual energy incomes. The installed capacity 
that results in the maximum net benefit is selected as the best 
installed capacity. The best installed capacities for the two differ- 
ent formulations (i.e. ANC and YEGM) and associated net benefits 
are shown in Table 4 for four different AEI estimation methods. 


704 M. Ak et al. / Renewable and Sustainable Energy Reviews 38 (2014) 700-705 
16 : = 
15 A Maximum El Average @ Minimum 
14 
13 
12 
11 
= 10 
Z 9 
5 8 
z 7 
= 6 
a 
5 
4 
3 
2 + + 
1 ++ 
0 e > >o >o o o o >o o o o o o o o o o oeoo o oog oo 
> o o o O O O O O O O O O O O O O O O O O O O OỌO 
= A m tuo g aSa SHA na Ea S aa aE A SGM aAA S 
<a a) 
essososeseoseeseseeeeeseseeseegeeqg¢ 
> o o o O O O O O O O O O O O O O O O O O O O OỌO 
S = Ama žag asa SAA HBA FH CK KA SAA 
Socio ò o o o o owe moe RR SG OS SBS HN NN AN 
time interval (hr) 
Fig. 3. Hourly electricity prices in Turkey (July 2010-June 2011) [30]. 
rer lower benefits to secondary energy generation. Thus, the YEGM 


The best installed capacities and corresponding net benefits. 


Formulation and methods Installed capacity (MW) Net benefit(TL) 


YEGM formulation 


YEGM method 49 35,133,989 
DSI method 91 21,625,056 
SPM 67 25,394,919 
VPM 64 19,725,802 
ANC formulation 
YEGM method 48 16,932,390 
DSI method 87 14,411,844 
SPM 72 22,557,670 
VPM 69 17,187,818 


4. Results and discussions 


The best installed capacities obtained by using the YEGM 
method, the DSI method, the SPM and the VPM for Altiparmak 
HEPP are quite different as can be seen in Table 4. This is due to 
utilization of different energy income estimation methods. For the 
YEGM and DSI methods, although the equation used for energy 
income estimation is the same (Eq. (2)) the unit prices for firm and 
secondary energies and peak power benefits are quite different 
(Table 3). In addition, different formulas are used by YEGM and DSI 
to estimate peak power. 

The DSI method uses installed capacity instead of the amount 
of energy generated for the estimation of peak power (see Eq. (3)). 
Thus, the higher the installed capacity, the more the benefits are in 
the DSI method. This is the reason why higher installed capacities 
are identified as the best alternatives in this method (91 MW and 
87 MW for the YEGM and ANC formulations, respectively). The 
YEGM method utilizes firm energy generation rather than 
installed capacity in peak power estimation (see Eq. (1)). There- 
fore, higher installed capacities which do not considerably 
increase firm energy generation are not financially favorable in 
the YEGM method, and large installed capacities are not preferred 
in this method (49 MW and 48 MW for YEGM and ANC formula- 
tions, respectively). In addition, higher installed capacities lead to 
higher amounts of secondary energy generation but YEGM assigns 


method results in smaller installed capacities and seems to be a 
more reasonable approach for energy income estimation com- 
pared to the DSI method. 

The YEGM and DSI methods are both based on the incomes 
from firm and the second energy generation. As previously 
explained, firm energy is guaranteed for a certain period of the 
day, thus is more valuable than secondary energy. Secondary 
energy is generated only after firm energy is satisfied. If the HEPP 
under consideration has an objective to satisfy a firm energy 
demand, then utilization of YEGM or DSI methods in the economic 
analysis will be reasonable. However, if the goal is to maximize 
annual energy generation then these two methods may not 
provide realistic net benefit estimates. Thus, the goal(s) of the 
HEPP—whether to supply firm energy demand or to maximize 
annual energy generation—should guide the selection of the 
energy income estimation method. 

When hydropower is planned to meet a large portion of the 
system load, firm energy generation becomes very important. 
Secondary energy is comparatively less valuable in these systems. 
On the other hand when hydropower represents a small portion of 
the total energy generation, maximizing the annual average 
energy generation should be the main goal [26]. Thus in such a 
system, hydropower is commonly planned for meeting the peak 
load demand and it is not used to supply firm energy demand. In 
Turkey, hydropower is used for supplying peak loads, rather than 
fulfilling firm energy demand. Therefore, YEGM and DSI methods 
which require satisfaction of firm energy demand first do not 
represent the actual situation in Turkey. Maximization of the 
annual energy generation is a more realistic goal for HEPPs in 
Turkey. Unlike the YEGM and the DSI methods, SPM and VPM aim 
to maximize total energy generation, thus they are more suitable. 

The SPM assumes that the variation in electricity prices within 
a day is not significant and assigns a fixed price (8.25 US cent/ 
kWh) to each kWh of energy generated. ANC examined the 
average energy price of the last 12 months and used a price 
higher than the average value as the fixed price. However, 
justification of this selection was not clear and in practice, it is 
hard to identify a fixed price that is representative of the whole 
year. The VPM method suggests a systematic approach for includ- 
ing the impact of price variations in energy income estimation. 
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5. Conclusions 


This study provides a review of YEGM and DSI methods for 
energy income estimation of HEPPs in Turkey. Both methods assume 
fixed prices for electricity. However, estimating energy income based 
on a fixed price or different prices for firm and secondary energies do 
not represent the real situation in Turkey. Regardless of the type of 
energy—either firm or secondary — electricity is sold in the market 
according to hourly prices established with respect to the supply and 
demand bids collected for that hour. In this study, a new method, 
namely VPM which utilizes hourly electricity prices for energy 
income estimation is developed and used to estimate energy 
incomes of Altiparmak HEPP. The advantages and disadvantages of 
all of these energy income estimation methods and their appropri- 
ateness in Turkey are discussed. As a result, it is concluded that the 
VPM provides a more realistic approach for conducting economic 
analysis of HEPPs in Turkey since it takes into account hourly 
fluctuations in energy prices. 
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